The objective of this study was to identify eucalyptus clones for the production of sawed timber based on dendrometric variables and longitudinal residual deformation (LRD), analyzing the correlation between these characteristics. 20 Eucalyptus grandis x Eucalyptus urophylla clones with 13 years of age were analyzed. The crown size, diameter at breast height (DBH) and bark thickness were measured. There was a significant difference between the clones for DBH, LRD and bark thickness. There was no significant correlation between DBH and DRL. The correlation was significant between DBH and crown size, its being possible to affirm that crown size affects the diametrical growth of trees. DBH and bark thickness were also significantly correlated, in so far as trees with a wider diameter possess thicker bark. It was possible to select clones with better potential for sawed timber production, that is to say, elevated DBH with a reduced LRD.
INTRODUCTION
Eucalyptus wood produced in Brazil is mainly used to produce cellulose pulp, charcoal and industrial firewood. The use of sawed eucalyptus timber in products with higher added-value (PHAV) is still restricted to a few companies, since it requires a differentiated management system to be able to generate adequate quality and size of logs. However, it is already understood that numerous species of the genus have the potential for this type of use, such as in furniture, flooring and decorative surfaces.
The use of Eucalyptus wood for PHAV's requires changes in the mode of forestry production, whereby traditional management (with rotation of around seven years) needs to be substituted for longer rotations, with the application of thinning and pruning, and taking into account wood properties for genetic improvement programs. Management aimed at the production of sawed timber results in logs with a wider diameter, greater yields and better quality wood, with a greater proportion of adult wood and heartwood, greater dimensional stability and mechanical resistance and a lower incidence of knots (Sella, 2001; Dias, 2005) .
Growth stress is present in trees and is related to trunk equilibrium, supporting the weight of the crown and the action of external factors, such as the wind and slope of the ground. These stresses are more accentuated in hardwoods than in conifers. Eucalyptus wood belongs to the former group and presents high stress levels (Beltrame et al., 2012) , therefore limiting the use of its logs in sawed timber production.
Studies from the literature report the existence of correlations between the formation of growth stress and dendrometric variables, such as breast height diameter (BHD), total height and the size and shape of the tree crown (Lemos, 2002; Nutto & Touza Vázquez, 2006) . Therefore, it is important to understand the factors that influence levels of growth stress in eucalypt populations, so that we can manage forestry plantations with the aim of reducing growth stresses and selecting clones with a lower propensity to present defects.
The aim of this research was to identify Eucalyptus grandis x Eucalyptus urophylla clones for the production of sawed timber considering dendrometric variables and longitudinal residual deformation, to analyze the correlation between these characteristics.
MATERIAL AND METHODS

Description of the local and material
20 Eucalyptus grandis x Eucalyptus urophylla hybrid clones of 13 years of age were assessed, collected from an experimental plantation located in Alcobaça, Southern Bahia, which were planted in October, 2000. The trees from different clones were planted randomly, at a spacing of 3 x 3 m and were neither pruned nor thinned.
The area is 10 hectares and is located at the geographical coordinates of 17°33' S and 39°22' , with an average altitude of 50 m and a predominant soil type of Podzolic Yellow Dystrophic. According the Köppen climate classification, the climate is hot and rainy tropical, with a predominantly "Af " type, with temperatures above 18 °C in the coldest month. The average annual precipitation was around 1.378 mm.
Dendrometric variables
15 trees were sampled for each clone to measure the dendrometric variables. The evaluation of crown size was carried out using direct observation, and was classified qualitatively according to four different levels, receiving a score from 1 to 4: 1 -small; 2 -average; 3 -large and with few branches; and 4 -large and dense.
The breast height diameter (BHD) was measured with the help of a tape measure at 1.30 m from the ground and bark thickness was determined from the north side of the trunk, at the height of the BHD, using a digital pachymeter (0.01 mm).
Longitudinal residual deformation (LRD)
Five trees were sampled for each clone to determine the LRD, which was measured in the BHD position, in the cardinal directions of north and south. This position was adopted due to ease of access and due to the possibility of comparison with other studies.
The measurement method for growth deformation recommended by the Centre de Coopération Internationale em Recherche Agronomique pour le Développement, Département dês Forêt (CIRAD-Fôret) was used, which primarily consists of measuring the LRD using the freeing of growth stresses in the evaluated region in the trunk, with the use of a digital comparator watch (strain gauge) according to the use by Fournier et al. (1994) . The LRD values were determined in the absence of wind, to avoid overestimated readings, since with the movement of the trees the internal sustaining forces can oscillate, influencing the outcome.
Statistical analysis
Statistical analysis was carried out in a completely randomized fashion and the effect of the clones were verified by the application of the analysis of variance (ANOVA). Given a significant difference between the measures of the clones with the F test, the Scott-Knott test was adopted at a 5% level of significance. The relation between the evaluated variables was assessed using the Pearson correlation coefficient and its P value. The statistical tests were realized using SISVAR software (Sisvar, 2003) .
RESULTS AND DISCUSSION
Dendrometric variables and LRD
Crown size measures, BHD, bark thickness and LRD in the north and south direction of the 20 Eucalyptus grandis x Eucalyptus urophylla hybrid clones evaluated can be found on Table 1 .
The scores 2 and 3 were obtained with greatest frequency in the visual analysis of crown size. For the crown size variable, the statistical test was not carried out due to non-normality in the distribution of the
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The average BHD of the trees was 26.2 cm (minimum of 8.6 cm and maximum of 41.9 cm). There was a significant difference between the BHD averages of the twenty clones, the clone R presented the highest absolute average for BHD (31.0 cm), however it did Results between parentheses correspond to the coefficient of variation (%); Measures followed by the same letter, upper case letter in the column and lower case in the line are not statistically different from each other, using the Scott-Knott test at 5% probability. The BHD results are in agreement with the range presented in other studies and varied from 23 to 35 cm in Eucalyptus grandis with an age between 11 and 15 years and between 18 and 44 cm for BHD in hybrid Eucalyptus grandis x Eucalyptus urophylla trees with ages between 8 and 11 years (Lima et al., 2004; König, 2005; Beltrame et al., 2012) .
The average bark thickness of trees was 4.09 mm, with a maximum equal to 9.24 mm and a minimum equal to 1.78 mm. A significant difference was found between clones for bark thickness averages, with the G clone showing the lowest absolute average (2.60 mm), however it did not differ statistically from the clones A, H, M, N, O, P, Q, S and T. The highest absolute average was observed for the clone D (5.76 mm), however it did not differ statistically from the clones B, C, E, F, I, J, K, L and R. The range of the averages for bark thickness was below the result found by Beltrame et al. (2012) , who obtained an average of around 8.00 mm in trees from the Eucalyptus genus at nine years of age.
LRD results varied between 0.037 mm and 0.116 mm, and the averages in the north and south directions were equal to 0.086 and 0.078 mm, respectively. There were no significant differences between the averages of the clones in north and south positions, which means that the growth stress manifested itself in a similar manner on the two sides of the trunk. Other authors also reported non-significant differences between the LRD results in different cardinal positions in Eucalyptus grandis x Eucalyptus urophylla trees at ages between eight and 15 years (Lima et al., 2004; Beltrame et al., 2012) .
Despite being non-significant, the differences observed in the LRD readings in the north and south positions can be associated with the predominating environmental factors, such as competition for light or due to the effect of the wind (Schacht, 1998) . Variation can also be associated with internal factors such as the constitution of trunk material and the proportion of juvenile wood (Beltrame et al., 2012) .
The LRD averages of the twenty clones studied are within the range reported in other research, which presented LRD values between 0.020 to 0.650 mm in Eucalyptus grandis plantations, as well as in Eucalyptus grandis x Eucalyptus urophylla hybrid plantations, with ages between 6 and 14 years (Souza, 2002; Lemos, 2002; Lima et al., 2004; Cardoso et al., 2005; Trugilho et al., 2006; Gonçalves, 2006; Beltrame et al., 2012) .
Pearson correlation
In Table 2 , the Pearson correlation coefficient results are found, carried out on the dendrometric variables and the LRD of the 20 Eucalyptus grandis x Eucalyptus urophylla hybrid clones.
As can be seen on Table 2 , the correlations between all the variables were positive. However, only the correlations between the crown size x BHD and the bark thickness x BHD were significant (P-value<0.05), which can also be observed in the Figures 1 and 2 . This result was expected because the phenomenon of photosynthesis occurs in the leaves of the tree, being responsible for the primary metabolism of the vegetation and for its growth in diameter and height. Other authors also obtained the same results for different eucalypt species (Biechele et al., 2009; Nutto & Touza Vázquez, 2006; . For example, According to the data presented in Table 2 and as observed in Figure 2 , a positive and significant correlation was also observed between BHD x bark thickness. Clones with thinner bark are desirable, because the production of bark represents energy consumption by the plant, which could be utilized in the production of wood. Additionally, a greater quantity of bark also represents a greater volume of residue during the cutting of the logs and greater transportation costs.
The correlation observed between DBH and bark thickness differs from the results obtained by Beltrame et al. (2012) , who studied clones from the Eucalyptus genus with nine years of age, encountering a negative correlation (r= -0.359) and non-significant (P-value= 0.01) between these variables. A significant correlation between BHD and LRD was expected, which would be interesting from the point of view of indicating better genetic material, because the BHD is one of the most important dendrometric variables and is directly related to forestry production.
Low correlations and even non-significance between LRD and BHD were observed by a number of authors in Eucalyptus grandis and Eucalyptus grandis x Eucalyptus urophylla of different ages (Lima et al., 2004; Trugilho et al., 2007; Beltrame et al., 2012) . These results indicated that the growth stresses are little affected by the growth rate of the tree (average annual growth).
CONCLUSIONS
The clones A, B, D, J, K, L and R were the most indicated for the provision of raw material for the production of cut timber because they presented greater BHD and lower LRD. These clones are recommended for the selection of material for future genetic improvement programs.
Trees with larger crowns showed greater diameter growth (BHD). Trees with greater diameters (BHD) presented thicker bark.
Significant correlations between LRD x BHD were not observed, indicating that they are independent characteristics in the selection process for trees for the production of sawed timber.
